The global industrial development, the increasing demand for energy, the limited availability of resources for the future generations of fossil fuels, and the prevention of environmental damage caused by their burning have led to public concern. Increasing energy consumption by buildings has led the wider global attention to its social, environmental, and economic implications. In the present study, in order to reduce the power consumption of the summer, a solar vacuum tube-collecting system, with its high efficiency, with a hot water tank and an absorption refrigeration system in a 5-story residential building in In Tehran Capital of Iran, has been investigated. In addition, the results also indicate that the main source of exergy destruction is solar collectors. In the solar collector, we have 93.22% of the exergy destruction, which accounts for 92.8% of the total exergy cascade. In addition, 18.45% of the exergy destruction occurred in the generator, which was equivalent to 1.598% of the total exergy casualties. Also, the coefficient of performance and exergy efficiency of the whole system were 0.746 and 23.5%, respectively, which showed a significant increase in total exergy efficiency compared to the conventional refrigeration system.
Introduction
Recently, the use of solar energy for both heating and cooling applications have received more attentions, especially in the Middle East and North Africa countries,Iran. It is because, the electricity demands for both heating and cooling by the domestic sector, during winter and summer, respectively, are quite high. The conventional electric heater and air conditioner used in the buildings/domestic sector consume a lot of electricity [1] . Iran as a big oil producer in the world, most of its electricity demands are supplied by conventional power plants driven by fossil fuels. The problem is that oil will be ceased to dominate as the main energy source by the end of the 21st century. Also, with the growth of world's population and civil modernization, the world energy demand will definitely escalate in the next 20 years [2] . With the fossil fuel resources continue to decrease, the energy demand is rapidly increasing, and this will definitely leads to an energy crisis in the near future [3, 4] . Furthermore, Ghaddar et al. (1997) carried out a research on the performance of a solarabsorption system in Beirut. They reported an analytical study on the solar energy utilization in the space cooling of a small residential application using solar lithium bromide absorption system. They made a simulation program for the modeling and performance evaluation of the solaroperated absorption cycle for all possible climatic conditions in Beirut. Their results revealed that for every ton of refrigeration, it is essential to have a minimum collector area of 23.3 m 2 with apeak water storage tank capacity ranging from 1000 to 1500 liters when the system operated solely on solar energy for about seven hours per day. They also determined the monthly solar fraction of total energy use in cooling as a function of solar collector area and storage tank capacity [5] . Energy and exergy analysis is a well-established methods, which are crucial for the study of energy conversion process. The exergy method, known as the second law analysis, evaluates the exergy destructive caused by irreversibility, which is an important thermodynamic property that measures the useful work that can be produced by a substance, or the amount of work needed to complete a process. Unlike energy, exergy is not conserved (i.e. exergy is always destroyed in the real process). Analysis of exergy destructives provides information as to where the real inefficiencies in a system lies. Several researchers studied absorption refrigeration system. Sencan et. al. investigated exergy analysis of a single-effect lithium bromide-water absorption system for cooling and heating applications. In their simulation analysis, they assessed the coefficient of performance (COP) and exergetic efficiency of the absorption system under different operating conditions. They also evaluated exergy loss, enthalpy, entropy, temperature, mass flow rate and heat transfer rate in each component of the system. They concluded that heat loads and exergy losses of the condenser and evaporator were less than those of the generator and absorber [6] . In another study, Lee et. al. (2001) analyzed the lithium bromide/water absorption system for cooling and heating applications on the basis of the first and second laws of thermodynamics. They made a simulation to determine the coefficient of performance (COP) and the exergetic efficiency of the absorption system under different operating conditions. They reported that low cooling water temperature yields higher cooling COP and exergetic efficiency. In the analysis of the absorption system for heating, they showed that the rise of the heat source temperature increases the heating COP and the exergetic efficiency. However, they found that increasing the heat source temperature could result in a high risk of crystallization for the Lithium bromide-water solution [7] . In a similar way, Talbi et. al. (2000) performed a computer simulation on the basic thermodynamic analysis of the LiBr absorption-refrigeration cycle and calculated the dimensionless total exergy loss and exergy loss of the components of the system. They concluded that the results of the second law analysis can be used to identify the less efficient components of the system [8] . Numerous research studies have been accomplished on the exergy analysis of single effect absorption refrigeration systems. However, only few results on the complete system simulation and analysis, especially in the integration of solar energy system with the absorption chiller. Hence, further investigations have to be carried out to improve the present understanding of the absorption cooling system dimensions and productive usage of solar energy. This paper presents the energetic and exergetic analysis of solar driven single-effect lithium bromide-water (LiBr-H2O) absorption system. Integration of solar energy system (solar collector and thermal energy storage tank) with the absorption chiller was done. The energy and exergy analysis was carried out for each component of the system. Exergy destructions that occurred in each component of absorption chiller system and solar collector were analyzed. The coefficient of performance, the exergetic efficiency of the system, exergetic fuel depletion ratio (ratio of the exergy destruction as compared to the overall exergy input to the system), and improvement potential of each component of thesystem were also analyzed.
Methodology

2.1.System Model
In the solar-powered lithium bromide-water (LiBr-H2O) absorption chiller, water is used as a refrigerant and Lithium Bromide (LiBr) as an absorbent. The system is mostly used for air conditioning purpose, and since water is the refrigerant, the evaporator temperature must be above 0 o C. The main components of the solar-powered LiBr-H2O absorption chiller system are generator, condenser, evaporator, absorber, expansion valve and solution pump. Fig. 1 illustrates the schematic diagram of solar-powered LiBr-H2O absorption cooling system as well as the basic of absorption cooling cycle. Firstly, the solar energy received by the solar collectors is converted into heat energy that heats up the water (heat-transfer fluid) being circulated between the thermal storage tank and collectors (19 and 20) . The high-temperature water in the tank is also circulated in the generator (11 and 12) to increase the temperature of the lithium bromide (LiBr) solution and drive the water vapor (7) out of the solution leaving a strong solution (4), containing more LiBr in the LiBr-H2O solution. The superheated vapor (7) produced in the generator is cooled and condensed in the condenser to a saturated liquid state (8) . This liquid refrigerant (water) is then throttled across the valve into the evaporator (9) , where upon evaporation at low pressure absorbs energy from the water being chilled (17) thereby producing the cooling effect required by the space/room (18) . The water refrigerant leaves the evaporator as nearly saturated vapor (10) and flows to the absorber, where it is absorbed in by the solution. At the same time, the strong solution in the generator (4) is returned to the heat exchanger and flows back to the absorber through the expansion valve (5 and 6). The water vapor leaving the evaporator (10) is absorbed in the strong LiBr solution (6) producing an exothermic heat in the absorber, and this heat is then rejected to the cooling water supplied by the cooling tower (13) . This maintains the low pressure and low temperature required in the evaporator. In other word, the required low pressure and temperature in the evaporator is made possible by the absorption process. Afterwards,the dilute LiBr solution at low pressure (1) in the absorber is pumped through the heat exchanger to a higher pressure in the generator. Cooling water from the cooling tower (15) is circulated through the condenser to condense the water vapor (7) and through the absorber to remove the heat of absorption. The function of thermal storage tank is to store the thermal energy collected from solar energy. The hot water from the thermal storage tank is continuously circulated to the generator to provide thermal energy required (the high temperature level needed) by the generator. 
Building Model Description
The house considered has a 180m 2 floor area and is consisted of four external walls of which two are 15m in length and two are 10m×3m height. The house is constructed with double-walls made of 15 cm hollow brick and 3 cm plaster on each side and a layer of 5 cm insulation in between. The roof is flat and constructed from 20 cm heavy concrete block, 5 cm polystyrene insulation, 8 cm screed and 1 cm asphalt, covered with aluminium paint. The house has a double-glazing window of 20 m 2 area. The cooling load is minimized by considering an insulated roof, insulated walls, double-glazed windows, internal shading and night ventilation in summer. The building is modelled as a unified zone without interior partitions. The zone is specified by inputs describing the internal space, walls, floor, ceiling, windows and doors. The construction is selected from a list with descriptions of standard constructions and materials provided by ASHRAE [9] . The convective and radiant losses and gains are calculated within Carrier (Hap 4.51) after selecting the zone construction. Internal energy is the heat created due to lights, equipment, presence of people and the level of their activity, as well as any other instantaneous heat gains to space. The thermal requirement is calculated by setting the desired zone temperature and humidity ratio at 25 o C and 50% in summer. The above construction requires cooling from May to August, the designe cooling load is 12.9 kW in summer.
Mathematical Modeling
Mathematical models for the solar-powered LiBr-H2O absorption cooling system was developed. The equations were solved using an Engineering Equation Solver (EES) software, and EES is very much convenient in providing built-in thermodynamic and transport property functions for many fluids, including water, dry and moist air, organic fluids (refrigerants), mixtures of LiBr-H2O and others [10] .The base-line input data used in the code are given in Table 1 . The energy and exergy analysis of the whole system can be carried out by combining the analysis of each subsystem, which is generally based on the principle of energy and exergy balance for a control volume. To simplify the theoretical analysis, some assumptions were made as follow:
1) The system runs at steady state for each component of the system 2) With the exception of the pressure reduction across the expansion device between points 5 and 6, as well as points 8 and 9 (see Fig. 1 ), the pressure reduction in the lines and heat exchanger are neglected as they are relatively very small.
3) The refrigerant at the outlet of the condenser and evaporator are saturated liquid and saturated vapor respectively. 4) Work input by the pump is neglected since it is very small compared with the heat input to the generator.
5) The reference specific enthalpy (ho) and specific entropy (so) used to calculate the exergy of the working fluid (i.e. water) are at the environmental state (25 o C and 1 atm),.
6) Chemical exergy of materials as well as the kinetic, potential energy and exergy are neglected as they are relatively very small. The modeling of the flat plate solar collector subsystem was based on the equations presented in the literatures [11, 12] . The rate of useful energy gain delivered by the solar collector can be defined as:
Where Q̇u is a useful energy collected in the collector system, Ac is collector area,It is total solar radiation incident on the collector and ηc is the instantaneous collector efficiency (measure of the collector performance) which is defined as the ratio of useful heat gain over the specified time period to the incident solar energy over the same time period. It can be obtained by the following equation [11, 12] :
In Equation (2), FR is the collector heat removal factor, which is calculated as the ratio between the actual rate of heat transfer to the working fluid and the rate of heat transfer at the minimum temperature difference between absorber element of the collector and the environment. Whereas, ( ) is the transmittance-absorptance product where transmittance ( ) is the fraction of the incident solar radiation transmitted through the cover of the collector, and the absorptance ( ) is the fraction of the incident solar radiation absorbed by the collector element. In equation (2), UL is overall heat transfer coefficient, T f,in is the collector fluid inlet tem perature and Ta is the ambient temperature.Usually the products FR ( ) and FRUL are the characteristics of a particular solar collector and dictate the performance of a collector.
Their values are obtained from collector performance test data of the plot ηC versus
in which is the intercept and is the slope [11] .
The hourly total solar radiation falling on the tilted collector surface is given by the following equation [13] :
where I b and I d are the hourly beam and diffuse radiation that the collector receives respectively.Whereas, R b is the tilt factor for the beam radiation and it is given by the following equation [11, 14] :
sin φ× sin δ+ cos δ ×cos ω× ×cos φ (4) where, φ is latitude angle, is collector tilt angle, and is the declination angle, which is given by the following equation [11, 15] :
The tilt factor for the diffuse radiation ( ) and the reflected radiation ( ) can be obtained by Eqs. (6) and (7), respectively [14, 16] .
where is the ground reflectance and its value was taken as 0.2 [19] 2.4.2. Thermal storage system A thermal storage tank is integrated with the absorption cooling system to store the collected solar energy and provide continuous heat supply when solar radiation is insufficient. To simplify the model, it is assumed that the water in the insulated water storage tank is completely mixed with the water flowing back into the tank from the collector and the generator (see Fig. 1 ). By making an energy balance on the unstratified (i.e. fully mixed) tank, the following equation can be obtained (Duffie and Beckman, 2013) :
where ṁ is the mass of water in the storage tank and C P is specific heat capacity of water, and T a is the ambient temperature around the tank. Whereas Q̇ u and Q̇ load represent the useful heat gain from the solar collector and the energy needed by the absorption system respectively. Additionally, (UA) s is water storage tank loss coefficient-area product and its value was taken as 11. 
where T s,new is the storage tank water temperature at the end of the time interval .
Absorption cooling system
The LiBr-H2O absorption cooling subsystem is modeled based on the laws of mass and energy conservations by taking control volume across each of the components: generator, condenser, evaporator, heat exchanger and absorber. The rate of heat supplied to the generator,which is the rate of energy input to the cycle can be obtained from the energy balance as follows [10] :
The rate of heat rejection out of the condenser is given by the following equation:
The rate of heat removal from the absorber is defined by the following equation: Q̇a = ṁ1 0 h 10 + ṁ6h 6 − ṁ1h 1
The rate of heat added to the evaporator is the cooling effect produced by the absorption cooling system. It is given by the following equation:
Q̇e = ṁ1 0 h 10 − ṁ9h 9
The energy balance on the hot side and cold side of the solution heat exchanger is given by the following equation:
Neglecting the rate of work input to the solution pump, the coefficient of performance (COP) of absorption system is defined as the ratio of heat absorbed by the absorber to the rate of heat input to the generator as given by equation (15):
Defining x as the Lithium bromide (LiBr) concentration, which is the ratio of the weight of LiBr to the weight of the solution, the concentration balance for the generator gives:
The overall heat conductance (UA) and temperatures around the absorber, generator, evaporator, condenser and solution heat exchanger are linked by the following equation:
where Q̇e is the rate of heat added to the components or rejected out of the components, and it is obtained by equations 10 to 14. In equation (17) ΔT lm,e is the log mean temperature difference and it is given in terms of the inlet and outlet hot side and cold side temperatures by the following equation:
Another important parameter in this energy analysis is the effectiveness of the solution heat exchanger (ε ShX ). It can be defined as the ratio of the actual rate of the heat transfer to the maximum possible rate of the heat transfer (Goswami et al., 2000) . The actual rate of heat transfer can be determined by calculating either the rate of internal energy loss of the hot fluid or the rate of the internal energy gain of the cold fluid. The maximum possible heat transfer rate is the product of the minimum capacitance rate (i.e., mass flow rate -specific heat product) and the temperature difference between the entering streams. As the minimum capacitance rate occurs for the hot stream, the effectiveness for the solution heat exchanger in the absorption chiller system considered in this study can be expressed as [14 ,20] :
Exergy Analysis
The analysis of exergy is based on the second law of thermodynamics and the concept of irreversible production of entropy. It is useful for identifying the causes, locations, and magnitudes of the process inefficiencies. The founding fathers who laid down the concept of the exergy analysis method were Carnot (1824) and Clausius (1865) [21] . Exergy can be defined as the maximum work potential that can be obtained from an energy stream (a system) in relation to the surrounding environment. By neglecting the kinetic and potential exergy,the physical flow exergy per unit mass for pure fluid stream can be defined as [13] :
where h and s are specific enthalpy and specific entropy, respectively while the terms ho and so are the specific enthalpy and specific entropy values of the fluid at the environmental temperature, To (i.e. 25 o C). In the binary mixture solution such as LiBr-H2O, the concentration of the mixture must be taken into account for the exergy calculation. Therefore, the flow exergy of a solution is calculated by the following equation [22] :
where X is the mass fraction of LiBr in the solution of the LiBr-H2O. In this section, first, the exergy analysis of the base case system is carried out. Thereafter, the effect of HTF mass flow rate, cooling water temperature, chilled water temperature, heat source temperature, and heat transfer rate on the system exergy performance is assessed, separately [23] . In this study, the so called F-P-L (fuel-product-loss) definition is adopted for exergy analysis. Based on the assumptions made earlier,the exergy destruction rate of a component at a steady state process is expressed as [23] :
The second law efficiency of the absorption cooling system can be measured by the exergetic efficiency. It can be defined as the ratio of the chilled water exergy at the evaporator to the exergy of the heat source at the generator, and can be written as [8] :
The overall exergy input to the solar powered absorption cooling system is the exergy of the solar radiation falling on the solar collector, and it is the function of the sun's outer surface temperature (Ts = 6000 K) and defined as [19] :
The relative irreversibility of a component is equal to the ratio of its exergy destruction to the total exergy destruction [23] :
The exergetic fuel and loss depletion ratio YD and YL of a particular component can be defined as the ratio of exergy destruction (rate of exergy lost through irreversibility) in each component to that of overall exergy input to the system and it is given by [23] : (26) Y L = ĖL ĖF total (27) The maximum improvement in the exergy efficiency for a system is achieved when the exergy destructive (irreversibility) is minimized. As a result, it is useful to employ the concept of an exergetic improvement potential when analyzing different processes of a system. Improvement potential for a component is an avoidable portion of the exergy destruction rate through technological (design) improvement of the component. This improvement potential in the rate form, denoted by IṖ, is given by [24] :
Results and Discussion
This section presents the numerical simulation results of the solar-powered LiBr-H2O absorption cooling system using mathematical models developed in the section 3. Tehran, the capital city of Iran (35.68° N, 51.38° E), is selected for the case study. The input data for the analysis was taken on 24st of July 2018. In order to simulate the system, the initial conditionslisted in Table 1 were used.
Daily simulation of solar powered absorption cooling system
In the present study, the solar collector characteristics were compared in order to select the solar collector that gives the best performance. In this regard, three types of collectors with thei respective characteristics are considered (see Table 3 ). The performance variations of the three collectors in a day are exhibited in Figs. 2 and 3. It can be observed that the efficiency of the solarcollector and the useful heat gain collected during the day greatly depended on the collector design but decreased after the midday as the energy collection temperature increased, due to the heat loss to the environment. As seen in Figs. 2 and 3 , the use of evacuated selective surface collector (type A) has resulted in a higher efficiency and more useful heat gain than the single and double glazed collector types. Due to the evacuation effect and high absorptivity of the material surface, evacuatedselective surface flat plate collectors had higher efficiency. Hence, the collector type A was chose to be integrated to the solar-powered absorption cooling system. Despite their high cost, the high efficiency collectors must be selected for effective operation of the solar-powered absorption cooling system. The variations of total solar radiation and ambient temperature are depicted in Fig. 4 . Whereas,the variations of useful heat gain and water storage tank temperature with time during a day (i.e. under the condition that load of the storage tank is constant) are shown in Fig. 5 . Similar to the incident solar flux, the useful heat gain varied significantly with the radiation intensity, reaching its highest value in the midday and falling sharply towards zero during the sunset. The solar powered absorption cooling system could be operated even after the sunset because of the thermal storage tank. It can be noticed from Fig. 5 that the useful heat gain avoi increased after 06:00 and when it was greater than the load demand, the solar collector delivered more energy and excess heat was stored in the thermal storage tank, resulted in an increase of the water storage tank temperature. After 15:00, the useful heat gain was less than load demanded by the generator and hence, the storage tank water temperature started to decrease. After 18:00, there was little or no solar radiation and in that case the thermal storage tank released the stored heat to provide energy to the absorption system. Using the weather input data (solar radiation and ambient temperature) of Tehran for 2018, it was calculated that volume of the tank needed to meet the load (cooling capacity) of 13.03 kW of the absorption chiller for ten hours in each day is 1.2 m 3 . 
Sensitivity analysis of the key parameters
Three key parameters, including generator inlet temperature, solution pump mass flow rate and heat exchanger effectiveness were selected to examine the solar-powered LiBr-H2O absorption cooling system performance. The effects of these key parameters on the system performance were analyzed at an instant moment of the mid-day (at noon) in Tehran on 24 July, 2018. In the sensitivity analysis, one parameter was varied, while the other parameters of the system were kept constant (see Table  1 ).The simulation was carried out to determine the various stream properties and the amount of heat and work exchanged by all components in the absorption cooling system. In the analysis of the system under consideration, a computer code for simulating the cycles has been established using EES software [10] . The thermodynamic properties (such as enthalpy, entropy, etc.) for the LiBr-H2O mixture at different states of the system are calculated by using the thermodynamic property correlation provided [17] . These correlations are based on the physical equations of state, relying on thermodynamic models.Correlations were given for vapour-liquid equilibrium, liquid and vapour enthalpy, liquid density,and vapour entropy. Besides, in the system under consideration, at the states where the working fluid is water, the thermodynamic properties of the water substance have been implemented by using the thermodynamic property correlations established [23] . The results of the energetic and exergetic analysis of the process are shown in Tables 4 and 5 . Fig. 6 shows the effect of generator inlet temperature on the coefficient of performance (COP), exergetic efficiency, and cooling capacity in the solar-powered absorption system under the baseline condition of Table 1 . It can be observed that the COP increased initially with an increase in the generator temperature, then tends to level out rather than continued to increase, and with the further increase in the generator temperature, the COP decreased. The COP would be expected to increase with increasing generator temperature and the temperature trends are strong enough to cause an overall increase in COP at low values of heat input temperature, but as the heat exchanger duties increase, the heat transfer irreversibilities eventually overwhelm the effect and cause the COP to decrease slightly.The capacity increased linearly from a low value of 3.74 kW to 14 kW while the exergetic cooling efficiency decreased from 40 % to 19 %. The increase in the generator temperature obviously resulted in a rising of the temperature of the refrigerant and solution exiting the generator, which led to the increase of temperatures for both condenser and absorber, and this accounted for increased exergy loss in these components, as indicated in Figures. 7 and 8 and 9 . Further increasing of the generator inlet temperature caused the increase of the irreversibility across the absorption components, which resulted in the degradation of the COP and exergetic efficiency. Figures. 7 and 8 and 9 also shows that the generator exergy destructive increment was substantially higher than the other components' exergy destructive indicating that the higher improvement was required in the generator. The effect of the solution heat exchanger effectiveness (ε hX ). on the coefficient of performance (COP), exergetic cooling efficiency and cooling capacity is depicted in Fig. 10 . The base line conditions were shown as in Table 1 . The purpose of the internal heat exchanger device is to reduce the external heat input requirement by utilizing the energy available within the chiller which would otherwise be wasted. Hence, as the effectiveness of heat exchanger was varied, the outlet states of both sides of heat exchanger also changed, which then affected the heat transfer requirements in both generator and absorber. As the effectiveness increased, the COP and cooling capacity also increased while the exergetic efficiency of cooling increased slightly. As seen in Fig.10 , the value of COP and exergetic efficiency of the system increased approximately 26 % when the effectiveness increased from 0 to 1. This indicates that the sensitivity of the COP and cooling capacity to the heat exchanger effectiveness was quite high. Additionally, as seen in Fig. 10 , with no solution heat exchanger, the solar-powered absorption cooling system produced a COP of only 0.64. This is due to the reason that the generator heat requirement was significantly higher in the absence of the heat exchanger between the legs of the solution circuit, as shown in Figures. 11 and 12 . Furthermore, the presence of the heat exchanger within the system substantially reduced the exergy destructive across the components, mostly in the generator and absorber, as indicated in Figures.13 and 14 and 15 .Thus, increasing the effectiveness of the solution heat exchanger improved the performance of the absorption chiller by reducing the exergy destructive across the main components of the chiller. Table 1 . The COP, exergetic cooling and cooling capacity reduced with the range of the mass flow rate considered. The key to understand this effect is to examine the load on the solution heat exchanger (see Figures. 17 and 18 ). As seen in Figures, 17 and 18 , the increase of the solution mass flow rate increased the load on the solution heat exchanger significantly as there was more energy available in the solution stream leaving the generator and more energy needed in the stream leaving the absorber. This indicates that more heat transfer occurred across the generator and absorber with the increasing of the mass flow rate. The rising of the load also resulted in the increasing of the total exergy destructive (irreversibility) of the absorption chiller, as shown in Figures. 19 and 20 and 21 . This explains why the COP and exergetic cooling reduced with the increasing of the solution mass flow rate. Furthermore, as seen in Figures.  19 and 20 and 21 , there was a considerable increasing of the exergy destructive within the absorber of the chiller, which can be attributed to the mixing of the refrigerant and absorbent that took place in the absorber and the high heat transfer rate at finite temperature difference across this component. 
Exergy analysis results
This section discusses the results of exergy analysis that was conducted through the exergetic assessment of the components of the system, as shown in Table 6 . The important exergy parameters considered in this exergetic assessment includes: exergy destruction rate, exergetic improvement potential (IṖ), exergetic fuel depletion ratio (FDR), and irreversibility ratio (IR). The values of these parameters were calculated under the baseline conditions stated in Table 1 . As seen in Table 6 , the solar collector was the highest source of exergy destruction rate which amounts to 34.64 kW. The main cause for this large exergy destructive was the large temperature difference in the solar collector. Other main sources of exergy destruction were generator, absorber, condenser and evaporator with exergy destructives of 0.5965 kW , 1.035 kW,0.3999 kW and 0.03027 kW, respectively. Heat transfer rate at finite temperature difference across the components and mixing of the solution (within absorber and generator) were the causes for the exergy destruction rate.Improvement potential is another parameter for the indication of possible improvement in the system from an exergetic point of view. As indicated in Table 6 , the main source of exergy destruction is the solar collector. Based on the calculation, the exergy destroyed in the solar collector was 34.64 kW while its improvement potential was 32.03 kW (see Table 6 ). Although the solar collector had the highest improvement potential, it is not possible to reduce all the losses because of the technological constraints and the metallurgical properties, as the solar collector material could not withstand the large temperature difference. Thus, most of the exergy destructive within the solar collector could not be eliminated even if the best technology in the near future would be applied. Therefore, we may focus on the portion of the avoidable exergy destructive (the one that is possible to improve) through an improved design, which may include higher optical efficiency of the flat plate solar collector and less heat losses from the collector. The other source of exergy destructive was the generator which accounted approximately 1.598 % of the total exergy destructives and its improvement potential was about 0.1106 kW, suggesting that generator is the component which needs to be carefully designed and improved.
The exergetic fuel depletion ratio is another parameter that indicates the ratio of the exergy destruction as compared to the input exergy of the system. Table 6 shows that 93.22 % of the inlet exergy was destroyed in the solar collector and 18.54 % of it was lost in the generator. The irreversibility ratio is another important exergetic parameter that identifies the ratio of the exergy destroyed to the total exergy destructive in the system. As seen in Table 6 , about 92.8% of the exergy destructives occurred in the solar collector. It is important to note that the major drawback of LiBr-H2O system is the crystallization problem in which the pair (LiBr and H2O) that comprise the absorbent and refrigerant pair respectively tend to form solids at low temperature. LiBr has a tendency to crystallize when air cooled, and the system cannot be operated at or below the freezing point of water. In other words, the evaporator of the system cannot operate at temperature below 0°C since the refrigerant is water vapor. In general, LiBr-H2O system operation is not possible below an evaporator temperatures of 5°C [14] . However, using a mixture of LiBr with some other salt as the absorbent may overcome the crystallization problem. This was not captured in the current study and can be a good recommendation for the future study.Nevertheless, as mentioned in the introduction, the solar-powered absorption cooling system is a better alternative to the current fossil power cooling system like in Iran, especially in Tehran. Hence, it is important to model the solar-powered absorption cooling system using the climatic weather parameters in Iran (especially in Tehran). This will be very useful for further development of solar-powered absorption cooling system in Iran. Additionally,the solar powered LiBr-H2O absorption cooling system is an attractive alternative for cooling since it has important aspect of removing the majority of harmful effects of the conventional refrigeration machines. The system uses absolutely harmless working fluids (i.e. water and LiBr),and hence it is an environmentally friendly system [28, 29] .The solar-powered absorption cooling system is also very suitable for the space cooling especially in summer season (in Tehran) when the ambient temperature is above 42 o C. It is because the driving force of the system, i.e. the solar energy is the most available in the summer season when the cooling is most needed. Another crucial aspect of the solar-powered absorption chiller is that it uses solar energy source and thus provides flexibility to the designer/owner.Finally, the system also has other advantages, such as high reliability, low maintainability and a silent and vibration-free operation [30] .
Conclusion
In this study, energy and exergy analysis of the solar-powered LiBr-H2O absorption cooling system integrated with flat plate collector has been conducted. The following can be concluded from this study:
The use of evacuated selective surface collector type resulted in higher efficiency and moreuseful heat gain than the single and double glazed collector types, and hence, it was chosen for this study.
Increasing the generator inlet temperature resulted in a slight increase of the COP, leveled out and then decreased. The cooling capacity increased with the generator inlet temperature while exergetic cooling reduced. The rising of the generator inlet temperature also resulted in the increasing of the exergy destructive through the components of the chiller system.
Heat loads and exergy destructives were less in the condenser and evaporator than in the generator and absorber. This can be attributed to the irreversibilities associated with the heating and mixing of LiBr-H2O solution present in the generator and absorber, which was not found in the pure fluids through the condenser and evaporator.
Increasing the effectiveness of the solution heat exchanger improved the performance of the absorption chiller system by reducing the system exergy destructive.
The performance of absorption chiller system reduced with the increasing of the solution mass flow rate by increasing the exergy destruction across the chiller system components.
The results of the exergy analysis show that solar collector and generator are the two main sources of irreversibility due to the high temperature difference for the heat transfer acrossthese components.
In the solar collector, 93.22 % of input exergy was destroyed, which accounted for approximately 92.8 % of the total exergy losses.
Moreover, 18.54 % of the inlet exergy was lost in the generator which was equivalent to approximately 1.598 % of the total exergy destructive.
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